Maraviroc (Pfizer's UK-427857, Selzentry or Celsentri outside the USA) is the first agent in the new class of oral HIV-1 entry inhibitors to acquire approval by the US Food and Drug Administration and the European Medicine Agency. Considering the mechanism of action, it is expected that this drug will be effective only in a subpopulation of HIV-1-infected people, namely those harbouring the R5 virus. The favourable toxicity profile of the drug has been demonstrated in Phase III clinical trials in treatmentnaive (MERIT) and treatment-experienced (MOTIVATE) patients. In the latter population, maraviroc showed a superior antiviral efficacy and immunological activity compared with optimized backbone therapy 1placebo. However, in MERIT, a prospective double-blind, randomized trial in treatment-naive patients, maraviroc1zidovudine/lamivudine failed to prove non-inferiority to efavirenz1zidovudine/ lamivudine as standard of care regimen in the 48 week intention-to-treat analysis. Using an assay with higher sensitivity for minority CXCR4-using (X4) HIV variants (the enhanced Trofile TM assayMonogram), non-inferiority was reached for the maraviroc-versus efavirenz-based combination. These data indicate the important impact of the sensitivity of tropism testing on treatment outcome of maraviroc-containing regimens. This paper discusses both the prospective and retrospective analyses of the MERIT data and highlights the impact of these results on daily practice in HIV care.
Introduction
The emergence of resistance to antiretroviral agents for the treatment of HIV-1 infection has fuelled the search for new drug classes with a novel mechanism of action.
1 Chemokine (C-C motif) receptor 5 (CCR5) antagonists interfere with viral-cellular interactions in the entry process. Preceding HIV-1 entry, viral envelope glycoprotein (gp120) binds to the CD4 receptor, resulting in a conformational change that allows the subsequent interaction with a CCR5 or chemokine (C-X-C motif 4) receptor 4 (CXCR4) expressed on the surface of the target cell. 2 -4 Further molecular rearrangements initiate gp41-mediated membrane fusion.
Three CCR5 antagonists entered clinical evaluation, of which one was discontinued because of toxicity (aplaviroc, GSK), one is currently still in clinical investigation 5 (vicriviroc, ScheringPlough) and one is US Food and Drug Administration (FDA)/ European Medicine Agency-approved and marketed (maraviroc, Pfizer). The FDA approved the use of maraviroc in treatmentexperienced HIV-1 patients on 7 August 2007. The expanded access programme for maraviroc was opened in June 2007 in several European countries. The favourable toxicity profile of maraviroc has been proven in Phase III trials in treatment-naive (MERIT: a multicenter, randomized, double-blind, comparative trial of a novel CCR5 antagonist, maraviroc versus efavirenz, both in combination with zidovudine/lamivudine, for the treatment of antiretroviral-naive subjects infected with R5 HIV-1) 6 and treatment-experienced (MOTIVATE: maraviroc plus optimized background therapy in viremic, ART experienced patients infected with CCR5-tropic HIV-1) 7 patients. This article focuses on the MERIT study. The 48 week results of this study were presented at the Fourth International AIDS Society Conference on HIV Pathogenesis, Treatment and Prevention (Sydney, 2007). 6 Before introducing a novel class in first-line regimens, robust proof of potency, durability, convenience and safety comparable to the currently recommended first-line combinations [two nucleoside reverse transcriptase inhibitors (NRTIs) plus either a non-NRTI (NNRTI) or a boosted protease inhibitor] must be demonstrated. Two other challenging issues with regard to the introduction of maraviroc into clinical practice were: (i) to optimize the accuracy and reliability of tropism determination assays; and (ii) to prove long-term safety (extending the conventional 48 and 96 week assessment timepoints used in most clinical trials). In the case of maraviroc, providing convincing evidence for long-term safety was especially important as this drug is the first antiretroviral product that interferes with a cellular protein instead of a viral target.
The data from the MERIT study have been analysed and re-analysed and the outcome of the study differs according to the method used, complicating final conclusions. The current paper aims at providing an overview of the MERIT data and of the different methods that were used to interpret these data and discusses the potential impact of these data on treatment recommendations for naive patients.
Virus entry into target cells and tropism testing
Entry of HIV-1 into lymphocytes and monocytes requires binding of the envelope gp120 to the CD4 receptor, followed by interaction with one of two co-receptors, CCR5 or CXCR4 (Figure 1) . 8 The use of CCR5 or CXCR4 is mainly determined by the amino acid sequence of the V3 region of the envelope gp120 protein, although regions outside V3 such as V1/V2, C4 and the bridging sheet may also be involved. 9 Several techniques to determine HIV tropism have been developed over the years, but recombinant virus phenotypic assays are currently most frequently used. For these assays, a fragment or the whole env gene is amplified from plasma virus RNA and the amplification product is inserted into recombinant virions. These virions are then allowed to infect human cell lines expressing CD4 and either the CCR5 or the CXCR4 receptor. According to the preference for one or the other cells, viruses are then classified as R5 if they only infect the CCR5-positive cells, X4 if they only infect the CXCR4-positive cells or dual/mixed (D/M) tropic if they are able to infect both. The most well-known assay based on this recombinant virus technology is the Trofile TM assay from Monogram Biosciences (San Francisco, CA, USA).
HIV-1 co-receptor use or tropism can also be predicted based on the amino acid composition of the V3 loop. 10, 11 So far these genotypic assays lack sensitivity 12 and are not clinically validated. Genotypic assays, however, have the benefit of being relatively fast and less expensive, and they can also provide viral clade and resistance information. Improvement of sensitivity can be expected using multiclone analysis or pyrosequencing. 13 Efforts are ongoing for the clinical validation of genotypic assays.
Primary infection with the X4 virus only is very uncommon. In late-stage HIV, the prevalence of X4 or dual R5/X4 virus rises.
14 From the MOTIVATE 7 studies, it appeared that 44% of antiretroviral-experienced patients harboured X4 or D/M tropic viral strains. Whether the emergence of X4 viruses is the consequence or the cause of a failing immune system is still not known. Although X4 can appear at a certain stage of infection and predominate the plasma viral population, it is clear that R5 viruses persist so that these patients will have a mixed population of R5 and X4 viruses. We currently lack a surrogate marker for co-receptor use and the Trofile TM assay is the only clinically validated tropism assay available today. In general, X4 viruses emerge in 50% of patients with a CD4 count below 50 cells/mm 3 , suggesting that maraviroc should be used preferably earlier in the treatment and before advanced immunodeficiency. Figure 1 . HIV-1 entry. Entry of HIV-1 into target cells proceeds by the fusion of viral and cellular membranes. This event involves viral and cellular protein interactions that lead to conformational changes in critical protein structures. Binding of gp120 to its primary receptor on the cell surface, CD4, is the first step in membrane fusion. Binding to CD4 typically is followed by binding to either the CCR5 or CXCR4 co-receptor, which is required for fusion to proceed. 2 -4,38,39 Co-receptor recognition is defined by several structural elements of gp120 that include the first and second hypervariable regions (V1 -V2), the bridging sheet (an anti-parallel, four-stranded b-sheet that connects the inner and outer domains of gp120) and, most importantly, the V3 loop. 40 -43 The V1 -V2 stem influences co-receptor usage through its amino acid composition as well as by the degree of N-linked glycosylation. 44 The V3 loop, in contrast, is highly variable and is the principal determinant of co-receptor specificity. 39,45 -48 The CCR5 receptor functions as a monomer that traverses the cell membrane seven times. Maraviroc binds to the co-receptor allosterically, inducing conformational changes that prevent gp120 from binding. Sequential binding of gp120 to CD4 and the CCR5 or CXCR4 co-receptor lead to the release of gp41 with subsequent fusion of the viral and the host membrane.
Pharmacokinetic (PK)/pharmacodynamic properties of maraviroc PK studies in healthy volunteers and HIV-infected subjects have shown that maraviroc is rapidly absorbed, with peak maraviroc concentrations attained between 0.5 and 4 h following oral dosing. 15 The absolute bioavailability of maraviroc is predicted to be 33% at the licensed dose of 300 mg (data based on findings with a 100 mg dose). The terminal half-life following oral dosing to steady state in healthy subjects is 14-18 h. Steady state is reached within 7 days. 16 Despite a decrease of 33% in maraviroc exposure when the drug is given with a high-fat meal in healthy volunteers, the recommendation is that maraviroc may be taken with or without food. 17 The FDA label explains the lack of need for food restrictions with the following statement: 'There were no food restrictions in the studies that demonstrated the efficacy and safety of maraviroc, therefore, maraviroc can be taken with or without food at the recommended dose'. In some patients, and certainly in some clinical situations, 33% reductions could indeed be clinically relevant, for example, when given with few other active drugs. Although it is probably not a major clinical issue in most patients, more definite data would be comforting.
Maraviroc is principally metabolized by CYP3A4 to metabolites that are inactive; it is also a substrate for the efflux transport protein P-gp. As a CYP3A (and P-gp) substrate, the disposition of maraviroc will be altered by a range of drugs that either induce or inhibit the enzymes/transporters. The CYP3A/P-gp inhibitors, atazanavir, atazanavir/ritonavir, darunavir/ritonavir, saquinavir/ ritonavir, lopinavir/ritonavir, elvitegravir/ritonavir and ketoconazole, all increased the area under the curve (AUC) of maraviroc (by up to 10-fold) in healthy volunteers and it is recommended to reduce the maraviroc dose by 50% if co-administered with these products. 18 Tipranavir/ritonavir or fosamprenavir/ritonavir have no net PK interaction with maraviroc, 18 but the CYP3A4 inducers efavirenz and rifampicin reduced the AUC and C max of maraviroc (by 45% and 63%, respectively); doubling the dose of maraviroc is recommended if taken together with efavirenz and rifampicin. 19 In the absence of CYP3A4 inhibitors, +20% of the total clearance of maraviroc is renal. The effect of substrates and inhibitors of renal clearance such as tenofovir or co-trimoxazole has, therefore, also been assessed but neither co-trimoxazole nor tenofovir had a clinically significant effect on the PK of maraviroc. For naive patients, when maraviroc is considered in combination with two NRTIs, no dose adaptation is required.
Effect of tropism testing sensitivity and timing of testing on MERIT outcome
In the MERIT trial, viral tropism was assessed by the 'original Trofile TM ', which is currently the only tropism assay with prospective clinical validation. 20 Using artificial mixtures of patientderived viral clones, it was shown that the original Trofile TM allowed the detection of minority species with a sensitivity approaching 100% when they account for at least 10% of the population, dropping to 83% at 5% minority. 21 Viral tropism was assessed at screening to select those patients with exclusively R5 virus for entry into the trial. Retrospectively, the baseline samples from the patients selected to participate in MERIT and taken 4 weeks after screening (when starting treatment) were also evaluated for tropism with the Trofile TM assay.
Recently, Monogram introduced a more sensitive version of their assay, called the 'enhanced Trofile TM ', allowing the detection of minority species with a sensitivity of 100% when they account for 0.3% of the population. 22 Hence, the three different interpretations of the data with respect to final outcome comprise (see also Figure 2 Prospective analysis of all patients who received at least one dose of study drug (ITT analysis)
HIV-1-infected subjects with screening viral RNA 2000 copies/mL, with R5 virus only based on viral tropism assessment (original Trofile TM at screening) and without genotypic resistance to any of the study drugs, were randomized 1:1:1 to maraviroc 600 mg once daily, maraviroc 300 mg twice daily or efavirenz 600 mg once daily, in combination with fixeddose zidovudine/lamivudine twice daily ( Figure 2) . 6 There were no CD4þ cell count requirements. The first arm of the study with the maraviroc 600 mg once daily regimen was stopped prematurely at week 16 due to inferior efficacy. The data from this arm are not included in the 48 week analysis. The two other groups were further stratified by viral RNA lesser or greater than 100 000 copies/mL and by subject origin [Northern (Canada, USA, Europe) or Southern (Argentina, Australia, South Africa) hemisphere]. Data were evaluated through an on-treatment noninferiority analysis of all patients who received one or more doses of the study drug, with a non-inferiority margin set at 210% (in previous trials, this type of statistical threshold for non-inferiority was defined between 11% and 15%). Primary endpoints were the proportion of patients with viral RNA ,400 and ,50 copies/mL at week 48. 6 A total of 721 treatment-naive patients were included in the two arms. Baseline characteristics were well balanced between the study arms. At week 48, there was no difference between the two groups in terms of the percentage of patients able to reduce the viral load to ,400 copies/ mL (70.6% versus 73.1%). However, maraviroc failed to show non-inferiority for the primary endpoint of a viral load reduction to ,50 copies/mL in the ITT analysis (65.3% versus 69.3%). A significantly larger mean increase in CD4þ cell count was seen in the maraviroc arm (þ169 versus þ142 cells/mL). This finding is consistent with the observations in other studies with co-receptor chemokine antagonists. 23 Whether this reflects a true increase rather than a redistribution phenomenon due to the blocking of the CCR5 receptor, which serves as a homing receptor on lymphatic tissue, is currently not clear.
Stratification for subjects with high viral loads (100000 copies/mL) revealed a more pronounced difference favouring efavirenz ( proportion of subjects with ,50 copies/mL on efavirenz 66.6% versus 59.6% on maraviroc). Remarkably, a still unexplained difference was seen when comparing the outcome results for the patients recruited in the Northern and Southern hemispheres, with a non-inferiority result for maraviroc in the Northern (maraviroc 68% versus efavirenz 67.8%) but not in the Southern hemisphere (maraviroc 62.1% versus efavirenz 71%). Although the number of patients in whom a shift in tropism from R5 to X4 or D/M virus between the screening and baseline sample was observed is higher in the subtype B-infected patients (4.2%) than in the subtype C-infected individuals (1.9%), 25 the numbers are small and the difference cannot explain the outcome difference between the Northern (mainly subtype B) and Southern (more subtype C) hemispheres. Subtype differences in maraviroc sensitivity still need to be addressed. Other explanations such as a geographical difference in tolerability, distribution of viral tropism, adherence and difference in intake with or without food have to be considered. Patients might also have tolerated the efavirenz-induced side effects longer in a setting where other antiretroviral regimens are difficult to obtain, although this has still to be confirmed by analysis of the reasons for discontinuation in the two different geographical regions.
Retrospective MERIT outcome analysis using the Trofile TM tropism test at baseline
The kinetics of R5 and X4 viruses during the course of the HIV infection are not fully understood, but increasing data seem to support the statement that the majority of patients in the chronic stage of infection carry a mixture of R5 and X4 strains. 24 The MOTIVATE 7 studies showed that up to 10% of the patients had viral tropism fluctuations from R5 to D/M tropic between screening and the start of the regimen (baseline samples), taken 4-6 weeks apart. Analysis of all baseline samples in the MERIT study revealed that 24 of the 721 patients (3.3%) changed from R5 at screening to D/M at baseline. 25 Thirteen patients (3.8%) initially classified as R5 at screening and receiving maraviroc were reclassified as D/M at baseline, despite an interval shorter than 6 weeks. One patient was already identified as D/M at screening but erroneously included. The response rate in the D/M patient group was significantly lower in the maraviroc (7.1%) versus the efavirenz group (54.6%). 25 In contrast, in patients harbouring the R5 virus at the start of maraviroc (baseline sample), similar response rates were observed in the maraviroc and efavirenz arms (69.3% and 68%, respectively) On the other hand, 29 (9.6%) of 301 patients in whom no tropism shift was observed under the maraviroc-containing regimen would have been classified as D/M by the enhanced Trofile TM at baseline, although again no individual outcome data on this particular patient group are so far available. In an ITT analysis including all patients identified as R5 by the enhanced Trofile TM and who received at least one dose of the study medication, with missing values classified as failures/non-responders, 68.5% of the maraviroc group and 68.3% of the efavirenz group achieved an undetectable viral load at week 48. 22 In this retrospective analysis, maraviroc proves to be non-inferior to efavirenz.
Tropism switch and resistance development in the MERIT study
The activity of maraviroc may be diminished by two mechanisms: the presence of the X4 or D/M tropic virus before the introduction of maraviroc and the selection of viruses able to bind to the CCR5 co-receptor after binding of maraviroc. 8, 26 So far, all data presented on tropism switch and X4 or D/M tropic virus selection in patients on treatment were performed using the original Trofile TM tropism assay. Changes in the V3 loop have been observed in patients experiencing virological failure in the maraviroc arm of the MOTIVATE 7 trials. Mutations in the stem and tip regions of V3 were seen, but changes in other regions of the gp120 molecule were also observed. 27 Plateaus in the maximal percentage of inhibition were identified as a marker of maraviroc resistance, clearly demonstrating the ability of the virus to use compound-bound receptors. 28 So far, no data have been presented on the development of maraviroc resistance in the MERIT trial. Initially, for all maraviroc treatment failures, tropism and nucleoside and non-nucleoside resistance data were analysed on the last recorded on-treatment sample. The analysis results in a classification into 10 distinct groups (each group being depicted by an arrow in Figure 3a ) based on tropism assignments at baseline and failure. Importantly, for approximately one-third of all failures (14/43 patients), no valid tropism result was available [below level of quantification (BLQ) þ no result/non-phenotypeable] at failure. 25 Nine patients had a viral load of ,500 copies/mL at their last on-treatment timepoint and their tropism test, therefore, was cancelled (BLQ). A more detailed patient-by-patient analysis was then performed on longitudinal samples collected during the period of viral rebound. 25 As shown in Table 2 , the patient-by-patient analysis finally enabled tropism assignment for 41 of the 43 maraviroc failures. Valid resistance data were subsequently obtained for all 43 patients, showing the M184V mutation selection in 10 out of 22 patients with the R5 virus at failure and in all 19 patients with D/M or X4 viruses at failure. Overall, the M184V mutation was selected in 29 (67%) of the 43 patients for whom resistance data were available. Resistance against both NRTIs was selected for seven of these patients. In the efavirenz group, all 14 patients with valid tropism data available remained R5 at failure. Of the 14 patients in whom resistance data were obtained, efavirenz resistance was selected in 9 (64%). In four of these patients, the additional selection of M184V was observed and one of these patients showed triple drug resistance at failure. To better understand why patients with the R5 virus at baseline fail on maraviroc, maraviroc plasma levels (obtained by periodic PK sampling) were assessed (Figure 3b) . 25 Of the 32 patients with the R5 virus at baseline, 12 patients had plasma levels of maraviroc that were ,1 ng/mL (shown here as PK BLQ). In all cases, this correlated with a rebound in viral load and for some patients, documented interruptions/poor adherence was registered in the patient records. Interestingly, treatment interruptions or poor adherence was recorded in the records of 5 out of 6 patients with a viral load of ,500 copies/mL at discontinuation. Safety profile of maraviroc in the MERIT study
The discontinuation rate was high in both arms (Figure 2 ). Efavirenz discontinuations (in total, 25.2%) were more likely due to an adverse event (13.2%) followed by lack of efficacy (4.2%) and other factors (7.5%). 6 The high number of efavirenz discontinuations might be due to the well-known side effects of efavirenz in the start-up phase, partially unmasking the blinding of the study. Maraviroc discontinuations (26.9%) were more likely to be due to lack of efficacy (11.9%), and only secondly, to an adverse event (4.2%) or other factors (10.8%). There were fewer grade 3 and grade 4 adverse events and fewer category C AIDS-defining events in the maraviroc arm, and overall rates of adverse events and serious adverse events were similar in both NR/NP, no result/non-phenotypeable. BLQ (below level of quantification), HIV-1 RNA <500 copies/mL; tropism tests were cancelled or censored for these samples. PK BLQ, maraviroc plasma concentrations below the limit of quantification corresponding to a rebound in viral load. *Includes one patient with no BLQ PK but with documented interruption between visits corresponding to rebound in viral load.
Tropism at baseline (32)
PK BLQ (4*) (5) arms. An overall low incidence of increase in liver function tests to grade 3 or 4 was observed and was equally distributed in both treatment arms. Following concerns of an increased rate of malignancy in one study of the CCR5 antagonist vicriviroc 29 in treatment-experienced patients, the rate of overall malignancies in the efavirenz group was 4.4% compared with 2.8% in the maraviroc group. The number of patients who developed a Hodgkin's lymphoma, non-Hodgkin's diffuse large B cell lymphoma or Kaposi sarcoma was 2 -1-1 in the efavirenz arm versus 0 -1-0 in the maraviroc arm. 6 At week 48, a greater increase in fasting lipids was seen in the efavirenz arm. A recent analysis demonstrated that more patients in the efavirenz arm had lipid scores requiring low density lipoprotein-lowering therapy according to the US National Cholesterol Education Program guidelines than those in the maraviroc arm. However, only a small number of patients in each group (six in the efavirenz arm and three in the maraviroc arm) initiated cholesterol-lowering therapy during the study. The overall cardiovascular disease risk was assessed for each patient using the Framingham equation (http://hp2010.nhlbihin.net/ atpiii/calculator.asp), which uses total cholesterol, high density lipoprotein cholesterol, age, sex, smoking status and use or non-use of antihypertensive therapy (when systolic blood pressure is .120 mmHg) as variables to estimate 10 year absolute coronary heart disease (CHD) risk. 30 Because data on smoking status were not collected in the study, CHD risk was compared between treatment groups according to different smoking rate scenarios. For a 50% smoking rate scenario (which approximates the smoking rate seen in the DAD study 31 ), smoking status (yes/no) was randomly imputed to the study population 500 times, by sampling from a binomial distribution with a probability of success of 0.5. Smoking status was assumed to remain constant for the duration of the study.
The relative risk of having a CHD event within 10 years for the two treatment groups, assuming a population smoking rate of 50%, is shown in Figure 3c . 30 The risk was consistently higher in the efavirenz treatment group than in the maraviroc group at weeks 24 and 48. The absolute CHD 10 year risk [mean (SD)] in the maraviroc and efavirenz treatment groups was 2.1% (3.3%) and 3.0% (4.7%), respectively, at week 24 and 2.2% (3.7%) and 3.3% (5.1%), respectively, at week 48.
Discussion and conclusions
In the MOTIVATE study, the first antiretroviral drug in the new class of entry inhibitors, maraviroc, has proven superiority to placebo for the treatment of triple-class experienced patients. 7 But, as maraviroc-insensitive X4 viruses emerge in 50% of patients with a low CD4 count, it is assumed that the preferential use of maraviroc needs to be situated earlier in the treatment, before advanced immunodeficiency. Moreover, the recent finding that many of the most commonly prescribed antiretroviral drugs such as didanosine, abacavir, efavirenz and ritonavirboosted protease inhibitors may be associated with increased cardiovascular risk 32, 33 has fuelled the need for a switch to drugs that are better tolerated. The results of HIV trials on structured therapy interruption (e.g. the SMART study) showed a negative outcome due to an increase in opportunistic infections (OIs) and mortality, and revealed that uncontrolled HIVreplication can, despite higher numbers of CD4þ T cells, place patients at an increased risk of OIs/death. 34 In the specific situation in which there is a need for switching, maraviroc can not be used so far as, even with the enhanced Trofile TM assay, a minimum viral load of 1000 copies/mL is needed before the necessary tropism test can be performed. The clinical value of determining tropism on stored plasma samples collected prior to achieving an undetectable viral load, or of determining tropism on pro-viral DNA in the latent reservoir is still under investigation, but preliminary data are promising. 13, 35 With regard to the initiation of maraviroc in treatment-naive patients, three CCR5 chemokine receptor blockers, aplaviroc, vicriviroc and maraviroc, have been evaluated. Unfortunately, a number of challenges have hindered the further development as a valuable option for first-line treatment of two of these drugs: vicriviroc and aplaviroc. The vicriviroc treatment-naive study was terminated due to inferior performance compared with efavirenz. 5 In the ACTG 5211 study, several subjects receiving vicriviroc developed malignancies; however, the observed differences in lymphoma rates between treated patients and control subjects could have been affected by the small total number of participants in the study, the 3-fold greater number of vicriviroc recipients and their significantly longer follow-up period, compared with placebo recipients. 29 Vicriviroc is currently completing Phase III evaluation. The development of aplaviroc was stopped prematurely due to hepatotoxicity seen in trials.
The ITT analysis performed on all patients who were included prospectively in the MERIT study undoubtedly shows that maraviroc fails to prove non-inferiority to efavirenz. The initial re-analysis of the MERIT data performed on those patients without switch in tropism between screening and start of maraviroc (based on the original Trofile TM ) demonstrates that maraviroc is as potent as efavirenz. It is important to note that in practice, a shift in tropism from R5 to X4 between screening and treatment initiation will remain unseen as clinical decisionmaking only relies on a single tropism testing at screening. Efforts of Monogram Biosciences to increase the sensitivity of the Trofile TM assay for minority variant strains led to the introduction of the enhanced assay, which increased the sensitivity for minority X4 variants from 10% to 0.3%. Re-analysis of all screening samples with the enhanced assay (re)classified 106 of the 721 patients (14.7%) as D/M tropic. In the retrospective ITT analysis that includes all patients who were identified by the enhanced Trofile TM as R5, maraviroc proves to be non-inferior to efavirenz. This brings us to the question that was raised earlier: how deep has one to look for minority X4 strains? 36 Is it the absolute number of X4 strains in the blood or the relative amount of X4 strains in the total population that is of prognostic value? Unfortunately, quantitative data on the presence of the X4 virus in the patients who were successfully treated with maraviroc and the patients failing maraviroc are not available. Although the relationship between co-receptor tropism and genetic adaptations in the envelope gene has been studied extensively, the currently available tools for the prediction of co-receptor use still lack sensitivity. Further improvement of these methods and the recent development of new methodologies for high throughput single-genome sequencing (e.g. pyrosequencing) would allow the highly sensitive and quantitative analysis of the X4/R5/dual tropic quasispecies and the definition of threshold values for maraviroc success. Much remains unknown about the activity of maraviroc on dual tropic viruses. The results of recent studies suggest that a subpopulation of dual tropic strains retains a sensitivity for maraviroc. 37 -39 It is possible that the affinity of the virus for a certain co-receptor is not a black-and-white situation, but presents itself as a spectrum going from R5 tropic towards X4 tropic in a gradual scale, possibly reflected by the continued accumulation of mutations in V3 or other domains of the envelope gene. Next to tropism determination, which is intrinsically associated with chemokine receptor antagonists such as maraviroc, the development of resistance towards the evaluated drug and the NRTI backbone is another important parameter in the comparison of different potential first-line regimens. The two protease inhibitors reyataz (Castle study) and darunavir (Artemis study), boosted with 100 mg of norvir have recently been positively evaluated versus another protease inhibitor, lopinavir, with norvir in naive patients. Both reyataz and darunavir were well tolerated, given once daily, with minimal resistance development. In the MERIT study, the total number of patients who developed M184V in the maraviroc arm versus the efavirenz arm was 29 versus 4, and 7 versus 1 for the selection of a second NRTI resistance mutation, indicating that maraviroc is not protecting the NRTIs from drug resistance development. No longitudinal data were available comparing maraviroc versus efavirenz resistance development.
In conclusion, up to now maraviroc has not met the criteria of potency, durability and convenience in a prospective analysis required for first-line regimens, and cannot be advocated for clinical use in treatment-naive patients. It is already clear that the activity of maraviroc will depend to a large extent on the composition of the virus quasispecies with regard to co-receptor tropism. Due to the new developments in tropism testing and the resulting re-analysis of the samples, the interpretation of the final outcome of the MERIT data becomes challenging. Although the enhanced Trofile TM assay has partially addressed the shortcoming of the original Trofile TM assay, and the retrospective analysis using this enhanced Trofile TM assay reorients the initial conclusions, some shortcomings should not be ignored. First, the enhanced Trofile TM assay could only re-evaluate clinical outcomes in those patients who had started maraviroc and not in all patients who were initially screened with the original Trofile TM assay. Secondly, the drug was associated with increased virological failure and with increased resistance development towards NRTIs. Finally, as enhanced technology such as pyrosequencing or even more advanced tropism determination tools become available, regulatory agencies should be warned against accepting new indications for drugs based upon retrospective analysis. Therefore, it cannot be advocated that the drug should be used as a new first-line drug in naive patients unless new prospective data become available. Whether maraviroc can be used together with other drugs with a low genetic barrier, such as non-nucleoside analogues or integrase inhibitors in first-line regimens (taking into account the possibility of undetected D/M tropic virus that could undermine the effectiveness of the regimen), is unclear for the moment. In our opinion, this approach should be restricted to pilot studies and should not be part of routine clinical practice. The enhanced Trofile TM assay and the re-analysis of the MERIT data allow us to be more confident about picking up minor variants in the individual patient who, for specific reasons, might benefit from maraviroc (e.g. high cardiovascular riskþ kidney impairment). The favourable lipid profile and tolerability support the use of maraviroc as a safe alternative in a consolidation or maintenance regimen after achieving full virological suppression, especially in those subjects experiencing side effects on NNRTIs, protease inhibitors or integrase inhibitors. This interesting option should be explored in future clinical trials.
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